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RINGKASAN
F a k to r-fa k to r  yang  m em pengaruhi penggunaan m esin penuai “com bine  " oleh p e tan i di Rancangan  
Muda telah d ikenalpasti sebagai keluasan sawah petani, tanggapan petan i ten tang  faedah  e ko n o m i m esin, 
fa k to r  jiran, keanggotaan dalam P ertubuhan Peladang dan beberapa fa k to r  lain. K esim pulan telah d ibua t 
bahawa tekno log i baru ini akan terus m eresap di kalangan pesawah padi kerana kosnya  yang  rendah dan 
kecepatan bekerja berbanding dengan tenaga manusia.
SUMMARY
Factors associated w ith  the use o f  com b ine  harvesters by the farm ers in th e  M uda Schem e were 
id en tified  as the  farm  size , fa rm e rs’ percep tion  o f  the  econom ic  b en e fit o f  the m achine, neighbourhood  
fa c to r , m em bersh ip  in F arm ers' Organisation and  several o th er factors. It was concluded  th a t th e  new  
techno logy w ill con tinue  to  spread am ong the  p a d d y  farm ers because o f  its cost saving and  speed  o f  
operation  com pared  w ith  hum an labour.
INTRODUCTION
Double-cropping with improved short- te rm , 
high-yielding varieties o f  rice is the means by which 
Malaysia is a t tem pting  to  attain  self-sufficiency. 
The pre-requisite to  double-cropping is water 
availability and  its efficient m anagem ent.  This 
means tha t  irrigation facilities have to  be planned 
and im plem ented  in the tradit ional rice areas. 
The more recent and im po rtan t  areas affected 
in Malaysia are the Muda, K em ubu and Besut 
schemes, with  the Muda scheme the largest in 
terms of geographical area covered and develop­
ment expenditu re  incurred.
The Muda scheme lies in a flat alluvial plain, 
about 14 miles wide and 46 miles long between 
the foothills of the Central Range in Kedah and 
the Straits o f Malacca. The scheme is located 
in the north-western corner  of the Malaysian 
Peninsula, stre tch ing  from South  Perlis to  the 
Van District in Kedah.
Partly financed by a MS 135 million World 
Bank L oan ,1 the Muda scheme was un der taken
between 1966 and  1970 to enable the practice 
of double cropping of 260 ,000  acres o f  p addy  land 
(MADA, 19 7 0 b : 1), over 28 per cent of the paddy 
land in Peninsular Malaysia. The project had long 
been a single crop paddy  farming area which 
provides the  major source o f  livelihood and 
em ploy m en t for abou t  50,000 farm families. 
The total farm popu la t ion  of the scheme was 
estim ated  at a round  3 25,000 people (M ADA), 
1970c: 1).
To  im plem ent the Muda Project,  the Malaysian 
governm ent in 1970 established the Muda Agri­
cultural Development A u thori ty  (MADA). The 
area is divided in to  four irrigation districts which 
are fu r ther  subdivided in to  27 Farm er Develop­
ment Areas (FDAs). Each FDA has a F a rm ers’ 
Association through  which m odern  agricultural 
practices, credit,  inputs  and marketing services are 
channelled to  the farmers. Also, each is organized 
in to  several small agricultural units  (SAUs) and 
each unit is headed by a leader elected from 
among the progressive farmers. The FD A  in Muda
1 The current rate of exchange gives: U.S. $1.00 = MS2.20. 
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is a “ farming locality” (Mosher,  1969:3-4) and 
contains about 2 ,000 farm households.
This paper is concerned with the  diffusion 
of the service o f  the com bine  harvester,  a form of 
capital-intensive technology, in the  small-holding 
agriculture o f  Muda. The com bine  harvester is a 
relative new com er in peasant paddy  p roduc tion  
com pared  with the  tractor .  At present the use of 
the harvester is primarily confined to  th e  doub le ­
cropping area of the Muda Scheme, made available 
by both  private con trac to rs  and MADA. Data for 
the s tudy  came from a survey of 858 farmers 
in three selected localities in the Muda scheme, 
conduc ted  in 1978-79.
The a r r iv a l  of the combine harvester in 
the Muda Project area, primarily smallholding 
agriculture, is in teresting in itself. It portrays a 
p icture  of what Mellor ( 1966:226) calls a tech no ­
logically dynam ic agriculture, characterized by 
high capital investment, which normally occurs 
after the  process of economic developm ent has 
been underw ay for some time, and describes the 
agriculture of the industrialized countries.
The presence of the com bine  harvester in 
Muda appears to  be a classic example o f  a direct 
transfer (Evenson and Binswanger. 1978:166) 
o f  a mechanical capital- intensive technology from 
the developed economies to a developing country .  
Under -this kind of transfer, a co u n try  simply 
screens and adopts  the technology w ithou t  m odifi­
cation.
As is true with o th e r  forms o f  new technology, 
the difussion of the use o f  the com bine  harvester 
am ong the small rice farmers is not uniform over 
time and space and across individual farmers.
What are the major e lements that have con­
tribu ted  to  the spread of this new im ported  
technology among small farmers, the m ajority  o f  
whom have neither the financial nor the technical 
ability to  own the machines? Can a meaningful 
pa ttern  be discerned of this diffusion process 
over time and across farms in the s tudy area?
OBJECTIVES
The overall objective of this s tudy  is to 
explain the incidence of the rice com bine  harvester 
in the Muda scheme by specifically
(i) identifying and measuring the relative 
contr ibu tions  of the factors that are 
associated with farmers ' level o f use 
of mechanical harvesting technology in 
the Muda scheme; and
(ii) explaining the pattern  of the diffusion 
o f  the com bine harvester over time.
METHODOLOGY
The theory  of induced innovation (Hicks, 
1932: Rosthschild , 1954; Ahmad, 1 966)  postulates 
that changes in relative prices of inputs influence 
the creation  of  a new set of p ro du c t ion  insoquants 
in the econom y. This theory ,  while providing 
useful insight in to  the process of technical change, 
does not offer m uch  explana tion  regarding pro ­
ducers’ decisions to shift from the old unit isoquant 
to  a new one. That is, the theory  does no t venture 
to explain p roducers’ decision to  a d o p t o r  use a 
new technology, such as the com bine  harvester.  
The approach used in the following discussion 
is based on fairly simplistic behavioral models in 
which the decision variable (depen den t  variable) 
is influenced by certain characteristics of the 
ac tor and his environment.
The dependent variables of interest in con­
nection with this technical change are: first, the 
ex tent to which the new technology is adopted  
(y x )\ and secondly, how early to  adopt the  new 
technique (y2 ). The term “ to a d o p t” refers to the 
im plem enta t ion  o f  the decision to  con trac t  for the 
use of a com bine  harvester. The ex ten t  o f use 
was measured by the actual area of the farm that 
was harvested mechanically (ARCOM ) while the 
earliness of use was measured by the n um b er  of 
cropping seasons (TIM E) that the farmer had used 
the machine.
The M odel. Letting be an N-component vector 
of observations of a dependent variable and X  an 
N  x A matrix of observations on the explana tory  
( in dependen t)  variables, the stochastic relationship 
between Y and X  is )' = f(X , U) where U is an 
N -com ponent vector of random  disturbances. The 
relationship expressed above does not necessarily 
imply causality in the X  -* Y  direction but merely 
association in the statistical sense between X  and 
}. We now turn to a justification of the indepen­
dent variables of the model.
Farm S ize (F SIZE ). It is conventional wisdom in 
the li terature  to  include farm size as an indepen­
dent variable to  explain use of a new technology. 
In Muda, double  cropping means tha t  the harves­
ting period has been shor tened  and therefore  it 
has to  be done rapidly to  avoid bad weather.
This condit ion  means that, ceteris paribus, 
larger farms with a lower ratio o f  labor to  land 
will have to  use the com bine  harvester to a greater
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ex ten t than  the smaller ones in order to  avoid risks 
o f bad weather. These farms are also more likely 
to fall within the group of early adopters.
If “ e x te n t”  of adop tion  is measured by the 
actual acreage harvested by the machine, then  it is 
likely tha t  “ e x te n t” tends to depend directly 
on the farm size. Designate the actual acreage 
mechanised as y x and call this the  “ d em a n d ” 
for the con trac t  service, and y 2 the earliness in 
adopting  the technology:
9> ' i / a* i  > 0 ( “ D em and ” )
d y 2/ 3^1 > 0 (“ Earliness” )
where x j  is the farm size. The farm size was 
measured in the local unit relong (equals 0.711 
acre or 0 .288 h a . ).
Schooling  (SCI!). There are m any  compelling 
reasons for viewing education as an explana tory  
variable. E lem entary  educat ion  programs will 
develop in the child the habit of turning to  the 
printed page for in form ation  about new tec h n o ­
logy (Gittinger. 1968:253).  Increased education  
may enhance a w o rk e r’s ability to  acquire and 
decode inform ation  about costs and productive 
characteristics of o th e r  inputs (Welch, 1970:42). 
Vdditional schooling also increases the economic 
productiv ity  o f farm labor and farmers with more 
schooling will organise p rod uc t io n  more efficiently 
ilian farmers with a lower level o f  schooling 
(Gisser. 1965:582).  For example, a s tudy by 
Wiransinghe (1 9 7 7 :6 6 )  in Sri Lanka showed that
1 lie num ber  of years o f  schooling of the farm 
opera tor and average schooling (years) o f the 
iamily members were highly statistically significant 
in determining the “ rice farming know ledge” 
of the farmer, in a regression framework. In this 
study, schooling was measured by the num ber of 
y ears o f school a ttendance  which, in the sample, 
ranged from 0 to  15.
Tenure Status. Traditionally, Muda p addy  farmers 
have been divided into three distinct tenure 
>.ategories; namely, the full ow ner-operators  who 
do not rent in additional land, the full tenants 
who rent in all o f their  land and the part-owner, 
part- tenant group (Jegatheesan. 1976). In this 
study, tenants  made up 31 p e rc e n t  o f the  sample, 
while pure owners co nst i tu ted  45 per cent of the 
sample. F rom  the preliminary visits to Muda, 
it was learned that some farmers rejected the idea 
ot the com bine harvester because of the machine 's  
tendency  to  “ dam age” the land. Thus, tenants 
may be prevented by landlords from employing 
the com bine  harvester if the  landlords believed 
the damaging effect o f  the machine on the soil.
On the  o the r  hand, if tenants are m ore  m o t i ­
vated to  achieve higher o u tp u t  in o rder  to  meet 
rent paym ents  (Jegatheesan, 1976:39) ,  then  one 
would expect tenan ts  to be more likely to  use the  
combine harvester.  These opposing possibilities 
tend  to  suggest that , a priori, it would be difficult 
to postu late  a set o f  definite hypotheses ab ou t  the 
influence o f  tenure sta tus on the level or earliness 
of use o f  the com bine  harvester.
Fragm entation  (PCL). A farm may be considered 
fragmented if it is made up o f  several noncontiguous  
plots o r “ parcels” . Fo r  a given farm size, the  more 
parcels there  are, the  m ore  fragmented it is. Hence, 
“ f ragm enta t ion” is a funct ion  of farm size as well 
the nu m ber  o f  parcels. The combine harvester is a 
gigantic m ach ine  which must move across farm 
boundaries to  perform its specific task. Some of 
the technical problems in the use o f  the com bine  
harvester include difficulty o f m ovem ent in small 
plots, difficulty  in crossing bunds, bogging, trans­
fer of rice from com bines’ bulk tanks to  bags, 
and difficulty o f  entry  in to  the  field during the 
off-season when fields are full of w ater (MADA, 
1970a: 7).
A farmer whose farm is greatly fragmented, 
ceteris paribus, is not likely to  achieve full m echa­
nisation in his harvesting opera t ion  com pared  with 
ano th e r  farm er whose farm is less fragmented. 
Since fragm enta tion  is a function  of farm size 
(F SIZ E ) and num ber o f  parcels (PCL) operated , 
intuit ively the function  should have the following 
properties:
d(F M N )/d  (F SIZE ) < 0
d(F M N )/ d (PCL ) > 0
As a practical matter ,  an index of fragmenta­
tion could be w rit ten  as
FM N  = P C L /F SIZ E
which meets the sta ted properties. However, to 
avoid the possible confound ing  effect o f  FSIZE 
on FMN, the num ber o f parcels (PCL) was used as 
a proxy  for the fragm enta tion  index. Therefore, 
the coeff ic ient o f PCL measures the effect o f  PCL 
upon  the dependen t variable after controll ing  for 
the effects o f all o th e r  exp lana tory  variables, 
including the farm size. In this s tudy , PCL ranged 
from 1 to  6 with a mean of 1.73.
S ex  o f  R esp o n d en t (SE X ). Sex is a demographic 
characteristic  o f the farmer and is included as an 
explana to ry  variable to  enable a testing o f  the 
null hypothes is  tha t  male and female farmers 
do no t display any difference in their pa t te rn  of
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a d o p t i o n  o f  th e  new  m ec h an ic a l  t e c h n o lo g y .  
H o w ev e r  o n ly  6 p e r  cen t  o f  th e  r e s p o n d e n t s  were  
w o m e n .  This  is a d i c h o t o m o u s  variable .
Perception o f  Econom ic Advantage (ECONJ. This 
is a b in a ry  variable .  T h e  th e o r y  o f  in d u c e d  in n o v a ­
t io n  p o s tu la te s  t h a t  c h an g es  in re la tive  prices 
in d u ce  n ew  te c h n o lo g ie s  t o  be d e v e lo p ed  w hich  
will save the  re la tive ly  m o r e  e x p en s iv e  fac to r .  
It is h y p o th e s is e d  here  t h a t  s im ila r  changes  in 
re la tive  prices in d u c e  fa rm e rs  to  use th e  new  
te c h n o lo g y ,  p ro v id ed  th a t  th e y  have p e rce ived  
its  cos t  ad v an tag e .  It is a s su m ed  th a t  fa rm ers  
o p e ra t in g  w i th  p e r fe c t  k n o w le d g e  will ac t  ra t io n a l ly  
t o  re d u ce  costs .  F o r ty  o n e  p e r  cen t  o f  th e  r e s p o n ­
d e n ts  believed  th a t  ha rves t ing  by  m ac h in e  was 
d e f in i te ly  c h e a p e r  th an  by h and .
Perception o f  Better Grain Recovery (RCV). This  
is also a b inary  variable .  P re l im inary  inves t iga t ion  
in th e  s tu d y  area t en d s  to  suggest tw o  o p p o s i t e  
views o n  the  grain reco v e ry  ra te  o f  th e  c o m b in e  
vis-a-vis the  t rad i t io n a l  m e th o d .  O ne  g ro u p  c la im ed  
th a t  m a n u a l  th re sh in g  has a lo w e r  recovery  ra te  
c o m p a r e d  w ith  the  c o m b in e  h a rv es te r ,  while  the  
o t h e r  g r o u p  he ld  th e  o p p o s i t e  view. If fa rm ers  
p e rce ive  the  g re a te r  tech n ica l  e f f ic iency  o f  th e  
c o m b in e  ha rves te r ,  we  h y p o th e s is e  t h a t  th e y  will 
t en d  to  c h o o se  th e  c o m b in e  r a th e r  th an  m an u a l  
m e t h o d  o f  harvest ing .  How ever ,  on ly  17 p e r  c en t  
o f  th e  r e s p o n d e n t s  believed th a t  m ech an ic a l  
harvest ing  was m o r e  e f f ic ien t  in grain re co v e ry  
th an  h a n d  m e th o d .
Neighbourhood E ffect (N/JBR). This  is a d i c h o t o ­
m o u s  variable  i n te n d e d  to  re flec t  tw o  sep a ra te  
e ffec ts  — n a m e ly ,  e n v i ro n m e n ta l  an d  social.  A 
fa rm e r  w hose  n e ig h b o u r  h ad  u sed  th e  c o m b in e  was 
c o d e d  1, o th e rw ise  he  was c o d e d  zero .  E n v iro n ­
m e n t  d e te rm in e s  a m a c h in e ’s availab i li ty  in  an 
area. A m ac h in e  m ust  be available  in an area 
b e fo re  a f a rm e r  can  s u m m o n  its service. F i f t y  fo u r  
per c en t  o f  the  fa rm ers  r e p o r te d  th a t  the ir  ne igh­
b o u rs  h ad  used  the  m ac h in e  to  harvest  the ir  c rop .
O n th e  social  side, th e  n e ig h b o u r h o o d  variable  
re flects  w h a t  is c o m m o n ly  k n o w n  as th e  b a n d ­
w ag o n  e f fe c t ,  the  d e m o n s t r a t io n  e f fec t  o r  the  
desire  to  keep  up  w i th  the  n e ig h b o u rs .  N e ig h b o u rs  
b ours  o f t e n  serve as i m p o r t a n t  “ c o m m u n ic a t io n  
c h a n n e ls ”  (R o g e rs  an d  S h o e m ak e r .  1 9 7 1 :2 5 1  ) 
in th e  d i f fu s io n  o f  new' t e c h n o lo g y  in ag r icu ltu re .
Age. Age in years  is a f a rm e r  c h a ra c te r i s t ic  o f t e n  
used  as an  e x p la n a to r y  var iab le  in te c h n o lo g y  
d i f fu s io n  s tu d ies  R ogers  a n d  S h o e m a k e r  (1 9 7 1 :  
1 8 5-186) ,  how ev er ,  p o s tu la te  th a t  ear l ie r  a d o p te r s  
are n o t  d i f f e re n t  f rom  la te r  a d o p te r s  in age and
cite  in c o n s is te n t  ev idence  a b o u t  th e  re la t io n sh ip  
o f age a n d  innov a t iv en ess .  In th e  sam p le ,  A G E  
ranged  f rom  1 7 y e ras  to  99  years ,  w i th  a m e a n  o f
4 3 .3  years.
Labour Availability. I f  th e  m a jo r  re a so n  fo r  
a d o p t io n  o f  a m a c h in e  was sh o r ta g e  w i th in  th e  
farm h o u s e h o ld ,  th e n  h o u s e h o ld s  w i th  am p le  
su p p ly  o f  la b o u r  w o u ld  be less l ikely t o  use  a 
m a c h in e ,  ceteris paribus. This var iab le  was m e a ­
su re d  in ad u l t -eq u iv a le n ts  available  in th e  h o u s e ­
h o ld  t o  d o  fa rm  w o rk .  It r an g ed  from  0 to  2 .09  
in t h e  sam ple .
Full-time Status. This  is again a b inary  variable .  
A fu l l- t im e fa rm e r  m ay  regard f a rm in g  as his 
way  o f  life a n d  w an t  to  d o  th e  va r ious  o p e r a t io n s  
using his o w n  lab o u r .  On th e  o t h e r  h a n d ,  a n o th e r  
f a rm e r  m ay  regard fa rm in g  as a business  a n d  
so u rce  o f  in c o m e ,  and  m ay ,  th e re fo re ,  w an t  to  
keep  ab reas t  w i th  “ m o d e r n ”  t e c h n o lo g y  a n d  be a 
b e t t e r  fa rm er .  T o  this g ro u p ,  t h e re fo re ,  m a c h in e ry  
“ is i n ” . C o n se q u e n t ly ,  it w o u ld  be p r e s u m p tu o u s  
to  s ta te  a defin i t ive  h y p o th e s is  c o n c e rn in g  th e  
e f fec t  o f  th is  ca tegor ica l  var iab le  on  t h e  d e p e n d e n t  
variable. E ig h ty  e ight pe r  c en t  o f  th e  r e s p o n d e n ts  
c la im ed  to  be fu l l- t ime fa rm ers  in th e  sam ple .
Farmers’ Association Membership. T h is  is a d ic h o ­
to m o u s  variable .  A l th o u g h  n o n e  o f  th e  27 F a r m e r s '  
A sso c ia t io n s  in th e  M uda area o w n s  a c o m b in e  
ha rves te r ,  th e  service o f  the  sm a lle r  t y p e  o f  m a ­
ch ine  is m a d e  available  to  fa rm ers  th ro u g h  the  
F A ’s by  M A DA. It is h y p o th e s is e d  th a t  m e m b e rs  
o f  the  F A ’s, because  o f  th e i r  c lo se r  c o n ta c t  w i th  
the  a u th o r i t y ,  are  m o re  l ikely t o  a d o p t  m e c h an ise d  
harvest ing  th a n  n o n m e m b e rs .  F a r m e r s ’ A ssoc ia t ion  
m e m b e rs  m a d e  up  49  pe r  cen t  o f  th e  sam ple .
Data and Analytical Tools. P r im ary  d a ta  c o ll e c te d  
by m ea n s  o f  pe rso n a l  in te rv iew s  w ith  8 5 8  f a n n e r s  
in th r e e  F D A 's  in th e  M uda  S c h em e  m a d e  up  th e  
bulk o f  th e  d a ta  used  in th is  s tu d y .  T h e  in te rv iew s  
were  c o n d u c t e d  in la te  1978  an d  early  1 9 7 9  by 
use o f  s t ru c tu ra l ly  des igned  q u e s t io n n a i re s .  Details  
o f  th e  sam p lin g  m ay  be fo u n d  in A y o b  ( 1 9 8 0 ) .
The  T o b i t  m o d e l  (G o ld b e rg e r ,  1 9 6 4 :2 5 3 )  was 
e m p lo y e d  to  ana lyse  th e  “ e x t e n t ”  a n d  “ ea r l in e ss” 
o f  use o f  th e  new  tec h n o lo g y  on  ind iv idual  farm s. 
This  m o d e l  was d e em ed  th e  m o s t  a p p r o p r i a te  in 
e x p la in in g  the  e x te n t  a n d  earliness o f  use o f  th e  
c o m b in e  h a rv es te r  b ecause  the  d e p e n d e n t  variables  
to  be e x p la in ed  were  t r u n c a te d  at th e  z e ro  level 
fo r  over 70 p e r  cen t  o f  the  fa rm ers  in te rv iew ed ,
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i.e.,  th e  n o n -u se rs  o f  th e  m a c h in e .  T h e  T o b i t  
m o d e l  m a y  be s t a te d  as f o l lo w s :2
Yt = ($'Xt + ut if P'Xt + ut > 0
if $'Xt +<ut < 0 (t = 1, 2,  ..., AO
where  X ( is a A '-c o m p o n en t  v e c to r  o f  va lues fo r  
the  t th o b se rv a t io n ,  j3 is a K - c o m p o n e n t  v e c to r  
o f  u n k n o w n  c o e f f ic ie n ts  a n d  u( is a s to c h as t ic  
d i s tu rb a n c e  t e rm  i n d e p e n d e n t ly  d i s t r ib u te d  as 
V (0 ,  o 2 ). P a r a m e te r  e s t im a te s  w ere  o b t a in e d  
by m a x im u m - l ik e l ih o o d  p ro c e d u re s  w i th  the  
ne tting u p  o f  a p p r o p r i a te  l ik e l ih o o d  f u n c t io n s  a n d  
m ax im is in g  th ese  fu n c t io n s  w i th  respec t  t o  th e
p a ram e te rs .  T h e  re su l t in g  n o rm a l  e q u a t io n s  were  
n o n - l in e a r  in t h e  p a r a m e te r s  a n d  an i te ra t ive  
p r o c e d u r e  was used  t o  arrive at th e  es t im a te s .
RESULTS
E xten t o f  Use
A n  overall  tes t  o f  s ign if icance  o f  th e  first  
m o d e l  by  th e  l ik e l ih o o d  ra t io  tes t  gave a tes t  
s ta t is t ic  o f  4 2 9 .4 6  (T ab le  1). w h ich  is d i s t r ib u te d  
as a x 2 s ta t i s t ic  w i th  15 degrees o f  f ree d o m .  
T h e  cr it ica l  value fo r  x 2 .oos ( 1 5 )  is 3 2 .8 0 1 ;  hen ce ,  
the  null h y p o th e s i s  th a t  th e  c o e f f i c ie n t  v e c to r  
eq u a l led  t h e  null  v e c to r  was r e je c te d  a t  t h e  0 .0 0 5  
level o f  p ro b a b i l i ty ,  i.e., th e  i n d e p e n d e n t  variables
Table 1
Results o f  Tobit analysis o f  actual area of paddy land harvested mechanically. 
Muda Scheme, 1977-78 (dependent variable = ARCOM)3
Independent Coefficent Asymptotic Elasticity
variable “ t ”
Index E(y 20)
CONST -1 2 .9 3 7 7.948
I-SIZE 0.499 8.663 2.334 1.195
OWN 0.215 0.396
TEN 0.432 0.771
PCL 0.168 0.621 0.261 0.134
SEX -0 .5 4 2 0.553
ECON 1.216 2.824
RCV 0.439 0.865
NHBR 6.637 11.591
AGE -0 .0 1 6 0.827 -0 .6 3 3 -0 .3 2 4
LABOR 0.028 0.115 0.053 0.027
FUI 1.523 1.669
SCH 0.055 0.754 0.194 0.099
IAS 1.132 2.671
FDA3 1.746 3.125
FDA1 -0 .1 6 6 0.303
Log of likelihood function:
Unrestricted model = -842 .88
Restricted model (with CONST only) = -1057 .61
- 2  £n X = 429.46* 'V X 2> 15 d.f.
a NOTE: Number of limit observations = 623 
Number o f  nonlimit observations = 235
* Significant at 0.005 level.
‘See Amemiya (1973) and Fair (1977)
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p o s tu l a t e d  to  in f lu e n ce  the  area  m e c h a n is e d  did 
co llec t ive ly  e x e r t  in f lu e n ce  on  th e  d e p e n d e n t  
variable  to  a s ign if ican t  degree.
T h e  T o b i t  e s t im a te s  fo r  fa rm  size (F S IZ E ) ,  
p e r c e p t io n  o f  e c o n o m ic  a d v an tag e  (E C O N ),  ne igh­
b o u r ’s dec is ion  ( N H B R ) ,  fu l l- t im e s ta tu s  (F U L ) ,  
F a r m e r ’s A sso c ia t io n  m e m b e rs h ip  ( F A S )  a n d  
th e  lo ca l i ty  d u m m y  variable  ( F D A 3 )  all have small  
s t a n d a rd  e r ro rs  a n d  th e  h y p o th e s iz e d  signs. T h u s ,  
fo r  in s tan ce ,  th e  a rea  c o m b in e d  varies d i rec t ly  
w ith  fa rm  size, ceteris paribus. F a n n e r s  w h o  
perce ived  th e  e c o n o m ic  a d v an tag e  (E C O N )  te n d e d  
to  harvest  a la rge r  a rea  by m ac h in e  t h a n  th o se  w h o  
did n o t  perce ive  the  cos t  a d v an tag e  o f  the  new  
tec h n o lo g y ,  o t h e r  th ings  equal .  T h e  r e m a in in g  
variables  did  n o t  a p p e a r  to  be im p o r t a n t  in in­
f luenc ing  th e  a rea  m ec h an ise d .
T h e  A R C O M  e q u a t io n  m a y  be c o n s id e re d  as 
a t y p e  o f  “ d e m a n d  fo r  m a c h i n e ” e q u a t io n  as ti 
c o u ld  be used to  p re d ic t  th e  ac tua l  acreage  t o  be 
h a rv es ted  by  m a c h in e .  T h e  e q u a t io n  lacks a 
p r ice  variable ,  which  is n o t  u n c o m m o n  fo r  cross- 
sec t io n a l  s tud ies .  T h is  ARCOiM e q u a t io n  w o u ld  
be  an a lo g o u s  t o  an  Engel f u n c t io n  in d e m a n d  
stud ies .
Earliness o f  Use
An overall  te s t  o f  sign if icance  was a lso c o n ­
d u c te d  o n  th e  earl iness  o f  use m o d e l ,  as was 
d o n e  w i th  th e  ex te n t -o f -u se  m o d e l ,  giving a tes t  
sta t is t ic  o f  3 7 7 .6 ,  d i s t r ib u te d  as x 2 15
degrees o f  f r e e d o m  (T ab le  2). T he  cr it ica l  value  for 
X 2. 005 ( 1 5) is 3 2 .8 .  T h e  null  h y p o th e s i s  th a t  
th e  co e f f ic ie n t  v e c to r  in th e  T o b i t  e q u a t io n  o f
Table 2
Results of  Tobit analysis of  earliness o f  use o f  the combinc harvester, 
Muda Scheme. 1977-78 (dependent variable = TIME .)3
Independent
variable Coefficient
Asymptotic
“ t”
L'lasticity
Index E( v3 )
CONST -3 .1 5 6 7.215
1 SIZE 0.074 4.858 1.207 0.620
OWN* 0.015 0.104
TFN 0.143 0.934
PCL 0 121 1.622 0.652 0.335
SEX -0 .1 8 3 0 698
I-CON 0 265 2.262
RCV 0.207 1.502
NHBR 1.817 11.970
AGE -0 .0 0 6 1.069 0.773 -0 .3 9 7
LABOR -0 .0 2 5 0.363 0.160 - 0 .0 8 2
FUL -0 .5 5 7 2.257
SCH -0 .0 0 3 0.158 - 0.039 - 0.020
FAS 0.322 2 794
FDA3 0.416 2.751
I DAI -0 .0 4 3 0 291
Log of likelihood function
Efnrestricted model = -556.89
Restricted model (with CONST only) = -745.71
—2 2 n  A = 429.46* 'V x 2, 15 d.f.
NOTE: Number of limit observations = 623 
Number o f  nonlimit observations = 235
* Significant at 0.005 level.
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earl iness-of-use  e q u a l led  the  z e ro  v e c to r  was 
re jec ted .
F a rm  size a p p ea rs  to  be a s ign if ican t  variable  
w ith  th e  a n t i c ip a te d  posi t ive  sign. T h e  posi t ive  sign 
ind ica te s  th a t  larger fa rm s a d o p te d  th e  m ac h in e  
earl ie r  t h a n  the  sm a lle r  fa rm s .  G e rh a r t  ( 1 9 7 5 : 4 3 )  
fo u n d  (fa n n  size t o  be s ign if ican t  in in f lu en c in g  
earliness  o f  HY V maize  a d o p t io n  in K en y a .  In th e  
p re sen t  s tu d y ,  th e  e las t ic i ty  .E (y^) sh o w s  th a t  a 
1 pe r  c e n t  increase  in farm size in c reased  th e  
e x p e c te d  n u m b e r  o f  seasons  m ec h a n i s e d  by
0 .6 2  p e r  cen t .
As a n t i c ip a te d ,  th e  e s t im a te d  c o e f f ic ie n ts  
tor  th e  p e rce ived  c o s t  saving (E C O N ),  tech n ica l  
su p e r io r i ty  (R C V ) .  n e ig h b o u r 's  use  (N H B R ) ,  
F a r m e r s ’ A sso c ia t io n  m e m b e rs h ip  ( F A S )  and  
loca lity  ( F D A 3 )  variables had  p osi t ive  signs w ith  
small s t a n d a r d  errors .  T h e  s t a n d a rd  e r ro rs  o f  the  
rem a in in g  variables  w ere  a b o u t  equal  to  o r  g rea te r  
th an  th e i r  c o ef f ic ie n ts .  T h e  c o e f f ic ie n ts  o f  the  
te n a n t  (T E N )  a n d  o w n e r  (OW N) variables  are b o th  
posi t ive  b u t  have large s t a n d a rd  e rrors .  T h e  results 
in d ica te  t h a t  th e  early  users d id  n o t  c o m e  f ro m  
any  p a r t i c u la r  t e n u re  g roup .
T h e  PCL co e f f ic ie n t  suggests  th a t  th e  fa rm e r  
w i th  m o r e  parcels  o f  land  a d o p te d  th e  m ac h in e  
earlier,  o t h e r  th ings  being equal .  T h e  resu l t ,  
th e re fo re ,  in d ica te s  th a t  f a n n e r s  w i th  f ra g m e n te d  
ho ld ings  were  n o t  at all th e  laggards in th e  use 
o f  th e  n ew  h a rv es t in g  t e c h n o lo g y  in th e  M uda 
Schem e .  M ec h an isa t io n  o f  sm a l lh o ld in g  agr icu l­
ture.  th e re fo re ,  has n o t  been  h a m p e r e d  by th e  
^ ib d iv is io n  o f  ho ld ings  in to  “ small  u n e c o n o m ic  
u n i ts .” T h is  is n o t  to  suggest th a t  f r a g m e n ta t io n  is 
co n d u c iv e  to  m e c h a n i sa t io n ,  b u t  on ly  to  e m ­
phasise th a t  th e  available  ev idence  f ro m  th e  M uda  
irea suggests th a t  m e c h a n i s a t io n  o f  sm all  p a d d y  
ia rm s can  be su ccess fu l ly  i m p le m e n te d  so  long 
as n e ig h b o u r in g  fa rm e rs  will c o o p e r a te  with  
o n e  a n o th e r .
T h e  e s t im a te d  c o e f f i c ie n t  o f  th e  “ n e ig h b o u r ­
h o o d ”  variable  (N H B R )  had  a small  s t a n d a r d  e r ro r  
with  th e  h y p o th e s is e d  posi t ive  sign. T h e  posi t ive  
■ tgn suggests  t h a t  f a rm e rs  w h o se  n e ig h b o u r s  had 
Ked th e  m a c h in e ,  used  the  c o m b in e  h a rv es te r  
m ore  t im es  th a n  th o se  fa rm ers  w hose  n e ig h b o u rs  
u d  n o t  u se d  th e  m ach ine .  As the  N H B R  variable 
was i n te n d e d  to  re flect  the  ava ilab ili ty  o f  the  
lach ine  in an area ,  th e  results  in d ica te  th a t ,  on ce  
available,  the  t e c h n o lo g y  will be read i ly  rece ived.
T h e  e s t im a te d  c o e f f ic ie n t  o f  A G E  is no w  
posi t ive  w i th  a small  s t a n d a rd  e rro r .  T h e  negative  
5ign m ea n s  t h a t  th e  y o u n g e r  t a n n e r s  c o m p a r e d
to  o ld e r  f a rm ers  h ad  a lo n g e r  e x p e r ie n c e  w ith  
m ech an ic a l  h a rv es t in g  in th e  M uda area .  Bearing  
in m in d  th e  re la tive ly  sh o r t  h i s to ry  o f  th e  c o m ­
bines in th e  M uda Schem e ,  th e  sugges t ion  th a t  
y o u n g e r  fa rm e rs  u sed  th e  m a c h in e  earlier  t h a n  th e  
o ld e r  o n es  d oes  n o t  im p ly  th a t  th e  y o u n g e r  
fa rm ers  had  m o re  fa rm ing  e x p e r ien c e  t h a n  th e  
o ld e r  ones.  T h e  d a ta  o n ly  revea led  th e  fac t  th a t  
w i th  t h e  c o m b in e  ha rves te r ,  wh ich  was i n t r o d u c e d  
in th e  last fo u r  o r  five years ,  y o u n g e r  fa rm ers  were  
m ore  l ikely to  be the  first  o n es  t o  a d o p t  th e  new  
t e c h n o lo g y .
T h e  negative  sign a n d  large s t a n d a r d  e r ro r  o f  
the  e s t im a te d  c o e f f ic ie n t  o f  L A B O R  prov ide  so m e  
ev idence  in s u p p o r t  o f  a belief  th a t  t h e  sp read  o f  
th e  c o m b in e  h a rv es te r  has n o t  fo rce d  l a b o u r  f rom  
farms. Pe rh ap s  w h a t  is h a p p e n in g  is t h a t  so m e  
family m e m b e rs  a re  seek ing  e m p l o y m e n t  o n  o t h e r  
fa rm s, leaving th e i r  o w n  farm s to  be  t e n d e d  by 
the  h o u s e h o ld  h ead ,  o u ts id e  l a b o u r  a n d  th e  
c o m b in e  o p e r a to r .  It s h o u ld  be rea l ized  t h a t  
family m e m b e rs  are ra re ly  pa id  o n  a regu lar  basis 
to  w o rk  o n  th e  fam ily  p lo t ,  a n d  selling th e i r  l a b o u r  
to  o t h e r  fa rm s m ay  be th e  on ly  a v en u e  to  earn  
cash d u r in g  th e  ha rv es t in g  season.
T h e  resu lts  o f  the  analysis  sh o w e d  th a t  th e  
fu l l- t im e f a n n e r  a d o p te d  th e  c o m b in e  h a w e s t e r  
s o o n e r  th a n  p a r t - t im e  fa rm ers ,  o th e r  th ings  equal .  
It is suggested  th a t ,  t h e  p a r t - t im e  f a rm e r  m igh t  
have m ad e  lo n g - te n n  c o m m i tm e n t s  w ith  f r iends  
a n d  re la tives to  ha rvest  his c ro p ,  while  he  a t t e n d e d  
to  his m a in  o c c u p a t io n .
T h e  sc h o o l in g  variable  again a p p e a re d  t o  be 
o f  l i t t le  c o n s e q u e n c e  in in f lu en c in g  th e  t im e  o f  
a d o p t io n ,  i.e .,  b e t t e r  e d u c a te d  fa rm ers  ( in  t e rm s  
o f  years  o f  sch o o l in g )  d id  n o t  necessari ly  fo rm  th e  
g ro u p  o f  ear ly  a d o p te r s  as far  as the  new  harves­
t ing  tec h n o lo g y  in M uda  is c o n c e rn e d .
T h e  T o b i t  analysis  o f  earl iness  o f  a d o p t i o n  
p ro v id ed  f u r th e r  ev id en ce  o f  th e  u n d e r ly in g  ro le  
o f  th e  F a r m e r s ’ A sso c ia t io n  as an  im p o r t a n t  ag en t  
o f  t e ch n o lo g ica l  ch an g e  in t h e  M uda area.  T he  
results o f  th e  p re sen t  analysis  in d ic a te  th a t  m e m ­
bers o f  th e  F A ’s a d o p te d  m ec h an ic a l  ha rv es t in g  
s o o n e r  th a n  n o n m e m b e rs .
In a d d i t i o n  to  these  fa rm  a n d  f a n n e r  c h a ra c ­
teristics ,  tw o  regional  d u m m y  variab les  w ere  also 
in c lu d e d  in all e q u a t io n s  to  tak e  in to  a c c o u n t  th e  
th ree  “ m e c h a n is a t io n  i n t e n s i t y ”  s t r a ta  f ro m  w h ich  
th e  loca l it ies  w ere  d raw n .  T h e  posi t ive  sign o f  
th e  e s t im a te d  c o ef f ic ien t  o f  th e  F D A 3  variab le  
ind ica te s  t h a t  fa rm ers  in F D A 3  ( P e rm a ta n g  B uluh  
lo ca l i ty )  were  g enera l ly  ear l ie r  a d o p te r s  t h a n  th o se
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in th e  “ e x c lu d e d  loca l i ty ,  ’ i.e., F D A 2 .  This  c o u ld  
be e x p la in ed  by  th e  fac t  the  te r ra in  in F D A 3  
is m o re  c o n d u c iv e  to  m e c h an ic a l  h a rv es t in g  th an  
th a t  in F D A 2 ;  F D A 3  is also n e a re r  t o  th e  to w n sh ip  
o f  T o k a i  w h e re  o w n e r sh ip  o f  th e  c o m b in e s  is 
c o n c e n t r a t e d .
POLICY ISSUES AND IMPLICATIONS
T h is  p a p e r  has d w el t  o n  th e  sp re ad  o f  th e  
c o m b in e  h a rv es te r  in t h e  sm a l lh o ld in g  e c o n o m y  
o f  th e  M uda I r r ig a t io n  S ch em e .  T h e  a p p ro a c h  
t a k e n  was e n t i re ly  m ic ro ,  i.e .,  t h e  goal was to 
d e te r m in e  w h a t  fac to rs  had  been  in s t r u m e n ta l  in 
f a rm e r  a c c e p ta n c e  o f  th e  new  te c h n o lo g y .  It is 
a p p r o p r i a te  n o w  to  tu r n  t o  so m e  p o l icy  issues a n d  
im p l ic a t io n s  o f  th e  i n n o v a t io n  to  th e  M uda  e c o ­
n o m y .
While f a rm e r  a c c e p ta n c e  o f  th e  new  t e c h n o ­
logy was c o n d i t i o n e d  by severa l m ic ro  fac to rs ,  
th e  sp read  o f  th e  p r iva te  c o n t r a c tu a l  business  has 
been  e n c o u ra g e d  by several m a c r o  fac to rs .  F irs t ,  
th e re  e x is te d  a g ro u p  o f  en te rp r is in g  ru ra l  b u s iness­
m en  w h o  saw th e  o p p o r t u n i t y  to  sha re  in th e  
b en ef i ts  o f  th e  M uda S ch em e ,  a re la tive ly  new  
d e v e lo p m e n t  p ro jec t  des igned  to  u p l i f t  th e  living 
s ta n d a rd s  o f  small  p a d d y  fa n n e r s .  T h e  sca rc i ty  o f  
lab o u r ,  e i th e r  in an  a b so lu te  sense  o r  b ecause  o f  a 
re lu c ta n c e  o f  t h e  available  l a b o u r  to  w o rk  on  
farm s, c re a te d  a fav o u ra b le  c o n d i t i o n  fo r  inves t­
m e n t  in  c o m b in e  harveste rs .  T h e  necess i ty  to  
a d h e re  t o  p la n t in g  sch ed u le s  sp ec if ied  by the  
M uda S c h e m e  f u r th e r  e n h a n c e d  th e  u t i l i ty  o f  th e  
c o m b in e  h a rv es te r  in o v e rco m in g  severe  la b o u r  
b o t t l e n e c k s  d u r in g  th e  s h o r t e n e d  h a rves t ing  
seasons.  A bove  all, the  in v e s tm e n ts  in c o m b in e s  
in M uda  in d ic a te d  th e  fav o u rab le  in v es tm e n t  
c l im a te  in M alaysia  in genera l,  w h ic h  has been 
n u r t u r e d  b y  a s tab le  p o l i t ica l  s t r u c tu r e  th a t  
subscr ibes  to  th e  free e n te rp r is e  sy s tem .  U n d e r  this 
sy s te m  a well d e v e lo p ed  f inancia l  in s t i t u t io n  has 
e m e rg ed  t o  m o b i l ize  savings w h ich  u l t im a te ly  
b e c o m e  lo an a b le  fu n d s  to  be inves ted  in c o m b in e  
ha rves te rs  in th e  M uda Schem e.
T h e  sp re ad  o f  th e  c o m b in e s  has no  d o u b t  
re su l te d  in a c e r ta in  a m o u n t  o f  r e d is t r ib u t io n  o f  
in c o m e  f rom  m an u a l  w o rk e rs  to  c o m b in e  ow ners ,  
b ro k e rs  a n d  th o se  e m p lo y e d  to  m a n  th e  m ach ines .  
By far  th e  biggest ben ef ic ia ry  o f  t h e  n e w  t e c h n o ­
logy, in m o n e t a r y  te rm s ,  a p p e a re d  to  be the  
g ro u p  o f  m a c h in e  o w n e rs  w h o  have inves ted  
heavily  in th ese  m ach in es .
T h e  p o te n t i a l  s c o p e  fo r  e x p a n s io n  o f  m e ­
chan ised  h a rves t ing  is sti ll w ide,  a n d  no  ser ious  
barriers  to  f a rm e r  a c c e p ta n c e  a p p e a r  to  exist.
In view o f  th e  so-called  l a b o u r  sh o r ta g e  in th e  
area ,  a n y  d i sp la c e m e n t  o f  l a b o u r  m ig h t  have been  
on ly  a t e m p o r a r y  d is lo ca t io n  u n t i l  t h e  d isp laced  
l a b o u r  c o u ld  f ind  o t h e r  p a d d y  fa rm ers  w h o  
w a n ted  to  ha rves t  by hand .  T h e re  were  a lw ays  
fa rm ers  w h o  were  “ forced" '  to  use th e  t ra d i t io n a l  
m e t h o d  since access o f  th e  c o m b in e  is still r a th e r  
l im i ted .  F u r t h e r m o r e ,  a bad ly  lodged  c ro p  c a n n o t  
be h a rv es ted  by m ach ines .  A reas  w ith  p o te n t i a l  
d a n g e r  o f  bogging  t o o  are s h u n n e d  by th e  m ac h in e  
o p e ra to rs .  T hese  t ro u b le  sp o ts  will c o n t in u e  to  be 
h a rv es ted  by h a n d ,  very m u c h  to  th e  d isp leasu re  
o f  the  w o rk e rs  w h o  have  c o m p la in e d  th a t  th ey  
were  g e t t in g  a “ raw  d ea l .”  In a sense th e i r  w o rk in g  
c o n d i t io n s  have d e te r io r a t e d  s ince t h e y  w o rk  on  
p lo ts  t h a t  have b een  s k ip p e d  by th e  m ach in es .  
T o  a ce r ta in  e x te n t ,  th e re fo re ,  these  w o rk e r s  
have e x p e r ie n c e d  a “ welfare  lo ss” even if th e re  
was n o  r e d u c t io n  in th e  n u m b e r  o f  days  w o rk e d .
It is e nv is ioned  th a t  c o m p le te  m e c h a n i s a t io n  
c o u ld  never  be re a c h e d  w ith  th e  p re sen t  s t a te  o f  
t h e  a r ts  a n d  th e  ex is t ing  in s t i tu t io n s .  H ow ever ,  
t h e  acceptance o f  t h e  new  te c h n iq u e s  by fa rm ers  
is e x p e c te d  to  e x p a n d  since fa c to rs  th a t  were 
fo u n d  to  in f lu e n ce  a d o p t i o n  c o u ld  easily be 
m a n ip u la te d  by  po l icy .  F o r  ex am p le ,  as m o re  
fa rm ers  jo in  th e  F a r m e r s ’ A sso c ia t io n ,  as m o re  o f  
th em  b e c o m e  aw are  o f  th e  e c o n o m ic  and  techn ica l  
advan tages  o f  th e  m ac h in e ,  th e  new  tec h n o lo g y  
is e x p e c te d  to  be  u sed  m o re  ex tensive ly .
A land  re fo rm  p ro g ram  w h ich  is a im e d  at 
c o n so l id a t in g  l an d  ho ld ings  a n d  increas ing  the  
m ean  farm  size a n d  a t  th e  sam e  t im e  m a k in g  land  
d i s t r ib u t io n  m o r e  e q u i t a b le ,  if im p le m e n te d ,  is 
e x p e c te d  to  a cce le ra te  th e  sp read  o f  the  new  
te c h n o lo g y  since th e  ev idence  o f  the  p re sen t  s tu d y  
ind ic a te s  th a t  farm  size was posi t ive ly  asso c ia ted  
w ith  th e  level o f  use  o f  th e  m ach ines .  As level o f  
m e c h a n i sa t io n  increases,  th e  d i s t r ib u t io n  o f  
in c o m e  b e tw ee n  th e  fa n n in g  p o p u la t io n  o f  M uda  
and  th e  n o n - fa rm in g  m a c h in e  o w n e r s  will c o n t in u e  
to  be m o re  regressive against  th e  f a n n in g  p o p u la ­
t io n ,  unless  th e  o w n e r sh ip  is sh a red  m o r e  e q u i ­
tab ly  b e tw e e n  th e  f a n n in g  p o p u la t io n  and  th e  
small  n u m b e r  o f  rural “ in d u s t r ia l is ts .” O n  th e  
o t h e r  h an d ,  f u r th e r  m ec h a n is a t io n  does  n o t  have 
to  a w ai t  increases  in o w n e rsh ip ,  r e d u c t io n  in 
t e n a n c y  n o r  r e d u c t io n s  in land  f r a g m e n ta t io n  as 
t h e  ev idence  in d ica te s  th a t  these  c o n d i t io n s ,  to 
da te ,  have n o t  r e ta r d e d  th e  a c c e p ta n c e  a n d  use o f  
c o m b in es .
In view o f  th e  N ew E c o n o m ic  Po licy ,  the  
F a n n e r s '  A sso c ia t io n  sh o u ld  eva lua te  th e  feasib i­
lity o f  d i rec t  o w n e rsh ip  o f  so m e  c o m b in e s .  M A D A  
sh o u ld  also reap p ra ise  the  e c o n o m ic  p r o f i ta b i l i ty
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o f  the  small  c o m b in e s  in view o f  t h e  n u m e r o u s  
c o m p la in t s  h e a rd  f ro m  f a n n e r s  a b o u t  m ac h in e  
b r e a k d o w n s  an d  s lo w n ess  in o p e r a t io n .  T he  
d irec t  in v o lv e m en t  o f  th e  F A 's  in t h e  o w n e rsh ip  
o f  th e  c o m b in e s ,  if o p e r a t e d  e f f ic ie n t ly ,  m igh t  
d iver t  at least  p a r t  o f  th e  p ro f i ts  f rom  o w n e rsh ip  
of th e  c o m b in e s  f ro m  th e  a lready  w e la th y  o w n e r  
class tp  m e m b e rs  o f  the  FA 's .
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